Introduction-Even after placement on the deceased donor waitlist, there are racial disparities in access to kidney transplant. The association between hospitalization, a proxy for health while waitlisted, and disparities in kidney transplant has not been investigated.
Introduction
Recent work has identified pre-kidney transplant hospitalization as a factor associated with poor transplant outcomes 1 . However, the overall patterns of pre-transplant hospitalizations, particularly as they relate to whether or not end-stage renal disease (ESRD) patients receive a kidney transplant, have not been described in depth or examined with regard to racial and ethnic disparities in transplantation.
It has been consistently shown that racial and ethnic disparities exist in accessing renal transplantation. Racial and ethnic minorities are less likely to be listed for a transplant, they are more likely to be listed later, and once waitlisted, they are less likely to be transplanted and more likely to have long waiting times for receiving an organ [2] [3] [4] [5] [6] [7] [8] . These factors and others are associated with worse health outcomes for racial/ethnic minorities following kidney transplant 9, 10 . While causes of racial and ethnic disparities prior to being waitlisted have been well studied [11] [12] [13] [14] , factors associated with disparities after waitlisting are less well understood 8 .
Given that racial and ethnic minorities are waitlisted later after starting dialysis than non-Hispanic whites, we hypothesized that these individuals may be sicker when waitlisted and therefore less likely to ultimately receive a transplant. We used hospitalization rate while waitlisted as a surrogate for overall health, as hospitalization rate has been previously associated with severity of illness and lower quality of life [15] [16] [17] . However, it is possible that hospital utilization may be an indicator of poor access to primary or preventive care. The purpose of this study was to evaluate the association between hospitalization and receipt of a kidney transplant and to test whether this explained the racial/ethnic disparity in kidney transplantation. This study used a multilevel modeling approach to account for geographic variation by organ procurement organization (OPO) and transplant center.
Methods

Study population and data sources
Adults (aged 18+ years) waitlisted for first renal allograft between January 1, 2005 and December 31, 2009 who had continuous coverage by Medicare Parts A and B while waitlisted were included in this analysis. Patient data were obtained from the United States Renal Data System (USRDS). Demographic and clinical information were ascertained via the Centers for Medicare and Medicaid Services (CMS) Medical Evidence form (CMS-2728), which is completed at the start of ESRD treatment. Transplant data were obtained from the United Network for Organ Sharing forms at the time of waitlisting and transplantation. Data on hospitalizations were obtained from CMS claims data. Neighborhood poverty and education data from the American Community Survey (ACS) data (2005) (2006) (2007) (2008) (2009) (2010) were linked to patients by residential zip code at the time of ESRD start. Transplant center and OPO aggregate data were obtained from the Scientific Registry of A total of 29 505 adults with ESRD who were waitlisted between January 1, 2005 and December 31, 2009 had continuous Medicare coverage while waitlisted and were considered for inclusion. Patients were excluded if they had received a prior transplant, were missing key information, or had invalid hospitalization data. The causes and number of exclusions are outline in Figure 1 . The final study population consisted of 24 581 individuals.
Study variables
The primary outcome was receipt of a deceased donor renal transplant after being waitlisted. Study participants were identified at the date of waitlisting and followed until deceased donor transplant, death, removal from the waitlist for other reasons, or the end of the study (December 31, 2009 ). Individuals who received living donor transplants were considered censored at the time of transplant. Follow-up time was defined as the time from waitlisting until either deceased donor transplant or removal from the waitlist due to death, inactivation, or other causes.
All hospitalizations were counted in the hospitalization rate. The first listed ICD-9 diagnosis code for each hospitalization was regarded as the primary cause of hospitalization and was determined for up to the first 30 hospitalizations. ICD-9 codes were categorized using the Healthcare Cost and Utilization Project's Clinical Classification Software 18 .
Race/ethnicity and hospitalization rate while waitlisted were the main exposures of interest in the analysis. Race/ethnicity was categorized as non-Hispanic white (referred to as white), non-Hispanic black (referred to as black), and Hispanic white (referred to as Hispanic). Hospitalization rate was measured as the number of hospitalizations per year while waitlisted up to 30 days prior to transplant, to prevent hospitalization associated with the transplant operation from inclusion. Hospitalization rates were divided into three categories: no hospitalizations per year, greater than zero to two hospitalizations per year, and more than two hospitalizations per year. Average length of stay (days) while hospitalized was also examined.
Individual-level covariates included recipient age at waitlisting, peak panel reactive antibody (PRA), sex, blood type, willingness to accept an expanded donor criteria organ, years of dialysis prior to waitlisting, ESRD cause, body mass index (BMI), history of cancer, smoking status, insurance at ESRD start, and employment at ESRD start. Peak PRA was assumed to be the PRA listed as peak, the highest PRA listed, or, if both were missing, was imputed as zero. ESRD Neighborhood poverty, neighborhood education, and health insurance at the time of ESRD onset were also considered proxies for SES. Neighborhood poverty was estimated by the percentage of households with an annual income below the federal poverty level in each 5digit zip code area based on ACS data. Neighborhood education was estimated by the percentage of adults with less than a high school level education in each 5-digit zip code area based on ACS data.
Transplant center-and OPO-level covariates included facility renal transplant volume, OPO import-export status for deceased donor renal allografts, and OPO-specific median time to renal transplant. Transplant center renal transplant volume was estimated using the mean number of annual kidney transplants performed between 2005 and 2009 and was divided into tertiles. OPOs were categorized as importers or exporters based on whether they were net receivers of kidneys from other OPOs' catchment areas or net donors to other OPOs. Median time to transplant was divided into tertiles.
Data analysis
Chi-square and ANOVA tests were used to test for differences between baseline characteristics by race/ethnicity and by hospitalization rate. Chi-square tests were used to examine differences between hospitalization causes by race/ethnicity. Crude time to transplant from waitlisting was examined using Kaplan-Meier curves with log-rank tests were to examine statistical differences by race/ethnicity and hospitalization. We used multilevel logit-binomial models with robust sandwich estimators and fixed and random effects to estimate the odds ratios of receiving a deceased donor transplant, controlling for covariates and accounting for clustering by facility and OPO. The models were adjusted with fixed effects for individual-level demographic and clinical covariates, facility volume, OPO-level covariates and interaction between race/ethnicity and hospitalization rate. Random intercepts were included at the individual, facility, and OPO levels, and a random slope was included for hospitalization rate. The significance of the interaction terms was tested using the likelihood-ratio test and none were significant, thus they were excluded from all further models.
To test for differences between the effects of different types of hospitalizations, a multivariable fixed effects model of the association between hospitalization and transplant was adjusted for fixed effects of average length of hospitalization, hospitalization rate, and cause of hospitalization was constructed. It included a random slope for the effect of hospitalization rate and random intercepts at the individual, transplant center, and OPO levels.
The final multivariable mixed effects model of the association between race/ethnicity and hospitalization on transplant was adjusted for fixed effects of average length of hospitalization, age, sex, blood type, BMI, peak PRA, cause of ESRD, years on dialysis prior to waitlisting, smoking history, cancer history, insurance at time of ESRD start, neighborhood poverty, neighborhood education, transplant center volume, OPO import/ export status, and OPO median time to transplant. The model had a random slope for the effect of hospitalization rate and random intercepts at the individual, transplant center, and OPO levels. As a sensitivity analysis, Cox proportional hazard models were constructed to examine the effects of race/ethnicity on time to transplant with and without adjustment for hospitalization rate and average length of hospitalization and with and without adjustment for age, sex, blood type, BMI, peak PRA, cause of ESRD, years on dialysis prior to waitlisting, smoking history, cancer history, insurance at time of ESRD start, neighborhood poverty, neighborhood education, transplant center volume, OPO import/export status, and OPO median time to transplant. All variables were tested for the proportional hazards assumption using log-log survival curves. Hospitalization rate did not satisfy the proportional hazards assumption, so the models that included this variable were stratified by hospitalization rate.
Complete case analysis was used in all models. All analyses were performed with SAS 9.4 (Cary, NC). P-values of <0.05 were considered significant. The Emory University Institutional Review Board approved this study (IRB00038140).
Results
Characteristics of the study population
A total of 24 581 adults waitlisted for deceased donor kidney transplant were included in this analysis, of whom 8 504 received a deceased donor transplant (34.62%). Individuals were waitlisted for a median of 418 days (interquartile range (IQR): 166-817.5). During the study period, 2 900 individuals were removed from the waitlist after receiving a living donor transplant (11.81%) and 1 573 were removed from the waitlist because their condition deteriorated and they were no longer eligible or they died (6.40%). The study population was 44.33% white, 35 .44% black, and 20.23% Hispanic. Study variables stratified by racial/ ethnic group are presented in Table 1 . While waitlisted, black individuals were the most likely group to be hospitalized at least once, followed by Hispanics and whites (52.5%, 48.5%, and 44.5%, respectively). Study variables stratified by hospitalization rate are presented in Table 2 .
Overall, there were 43 484 hospitalizations for which primary diagnoses were obtained. The most common cause of hospitalization was for diseases of the circulatory system (12 191 hospitalizations, 28.0%), followed by injuries and poisonings (8 441 hospitalizations, 19.4%) and diseases of the digestive system (4 691 hospitalizations, 10.8%). Of all diagnoses, 8 621 (19.8%) were from individuals who received a transplant during the study period. The number of hospitalizations stratified by cause and transplantation are presented in Figure 3 .
Causes of hospitalization varied by race/ethnicity. The greatest differences in prevalence of hospitalizations by cause were for circulatory system and endocrine, nutritional, and metabolic diseases. Black and Hispanic individuals were more likely than whites to be hospitalized for both causes (both p<0.001, Supplementary Table 1 ). There were significant differences between racial/ethnic groups in the prevalence of hospitalization for all types of causes except for diseases of the blood and blood forming organs, mental illness, diseases of the nervous system and sense organs, and diseases of the skin and subcutaneous tissue (Supplementary Table 1 ).
Transplant access by hospitalization cause
After controlling for hospitalization rate and length of stay in the multivariable mixed effects model with hospitalization causes as fixed effects, many hospitalization causes were associated with decreased likelihood of transplant. Hospitalization for neoplasms was associated with the greatest decrease in the odds of being transplanted (OR=0.48, 95% confidence interval (CI) 0.39-0.60), followed by hospitalization for uncategorized codes (OR=0.55, 95% CI 0.33-0.91) and diseases of the blood and blood-forming organs (OR=0.63, 95% CI 0.46-0.85). Hospitalizations for mental illness, genitourinary, digestive system, obstetric, and congenital conditions were not associated with decreased likelihood of transplant (all p>0.10). Full results for association between hospitalization cause and likelihood of transplant are provided in Supplementary Table 2 .
Transplant access by race/ethnicity and hospitalization rate (crude analyses)
During the study period, 39.36% of white individuals received deceased donor transplants compared to 33.41% of black and 26.36% of Hispanic individuals (p<0.001). In crude analyses, black and Hispanic individuals who did receive transplants waited longer than white individuals (p<0.001, data not shown). The median waiting time for white individuals who received a transplant was 296 days (IQR: 108-593). For black individuals it was 423 days (IQR: 169-766.5). For Hispanic individuals it was 430 days (IQR: 175-776).
In crude analyses, hospitalization rate while waitlisted was negatively associated with receiving a deceased donor transplant (p<0.001). Never hospitalized individuals were most likely to receive a transplant, compared with those hospitalized >0 and ≤2 times and >2 times per year (40.27%, 32.07%, and 22.22%, respectively). In Kaplan-Meier analysis, the association between hospitalization rate and waiting time was nonlinear, though individuals who were never hospitalized spent less time on the waiting list were more likely to receive a transplant than individuals who were hospitalized (Figure 2 , p<0.001). Of the three categories of hospitalization, individuals who were never hospitalized had the shortest median waiting time from wait listing to transplant of 210 days (IQR: 70-457), individuals hospitalized >0 and ≤2 times per year had the longest median waiting time of 707 days (IQR: 457-977), and individuals hospitalized more than two times per year had a median waiting time of 356.5 days (IQR: 170-619.5).
Death and inactivation or removal from the waitlist for other reasons were more common among individuals with higher hospitalization rates. Of the study population, 0.22% of individuals who were never hospitalized died while waitlisted during the study, 0.43% of individuals who were hospitalized >0 and ≤2 times/year died, and 2.05% of individuals hospitalized >2 times/year died while waitlisted during the study. Of individuals who were never hospitalized, 1.22% were permanently inactivated or removed from the waitlist because they were too sick to transplant, compared with 7.28% of individuals hospitalized >0 and ≤2 times/year and 16.90% of individuals hospitalized >2 times/year. There were no notable differences in the death rate while waitlisted for different racial/ethnic groups. Of the study population, whites had the highest proportion of individuals who died while waitlisted, followed by blacks and Hispanics (0.73%, 0.57%, and 0.38%, respectively). A similar proportion of blacks and Hispanics were removed or inactivated because they became too 
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Author Manuscript sick to transplant (4.62% and 4.77%), but a larger proportion of whites were inactivated or removed from the waitlist for this reason (7.22%).
Transplant access by race/ethnicity and hospitalization rate (multivariable analysis)
The final, fully adjusted multivariable mixed effects model only accounted for some of the racial/ethnic disparity observed between black and white individuals ( Table  3 ).
The variables with the largest impact on the estimated racial/ethnic disparity in transplant were transplant center and OPO ( 
Discussion
In this cohort of US adults waitlisted for deceased donor kidney transplant, the cause of hospitalization had differential effects on the likelihood of transplant and varied by race/ ethnicity. Black and Hispanic individuals were more likely to be hospitalized while 
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Author Manuscript waitlisted than whites and were more likely to be hospitalized for diseases of the circulatory system and for endocrine, nutritional and metabolic diseases. On average when hospitalized, blacks had longer lengths of hospitalization than whites or Hispanics. In our sample, black and Hispanic individuals were younger than whites, and younger individuals have been reported to have higher rates of hospitalization pre-transplant than older individuals 19 . However the observed association between age and hospitalization was smaller than our observed association between minority race/ethnicity and hospitalization, suggesting that other factors besides age may be involved in the association between race/ethnicity and hospitalization.
This is the first study to investigate causes of hospitalization among racial/ethnic minorities waitlisted for kidney transplant. Earlier work has only considered hospitalization posttransplant 20 . We found that there are racial/ethnic differences in causes of hospitalization while waitlisted, consistent with differences in underlying comorbidities. Black and Hispanic individuals were more likely than whites to be hospitalized for circulatory system or endocrine, nutritional, and metabolic illnesses ( Supplementary Table 1 ) and were more likely to have ESRD as a result of similar conditions (Table 1) . Hospitalization for either of these causes was associated with a 20% decrease in the odds of receiving a transplant during the study period (Supplementary Table 2 ). This suggests that differential disease profiles between racial/ethnic groups may lead to differential rates of transplantation.
In prior studies, black race has been associated with higher rates of hospital readmission among Medicare beneficiaries with a variety of conditions [21] [22] [23] [24] and higher rates of readmission following kidney transplant 25 . Yet among individuals on hemodialysis, black race and Hispanic ethnicity have been associated with lower rates of hospitalization overall, when compared to non-Hispanic whites 26 . Part of the discrepancy between this study and the study by Yan, et al. may be that Yan, et al. only considered hospitalization outcomes within the first year of maintenance hemodialysis for ESRD, regardless of waitlisting. There also may be discrepancies because of differences in the age distributions between their study and ours, with individuals in the Yan study being older on average than individuals in our study.
Our hypothesis that racial/ethnic disparities in transplant for waitlisted individuals was partially due to hospitalization was not supported by our results. As previously reported by other researchers, we identified racial differences in the likelihood of transplantation after waitlisting 8, 27 , but these racial differences were not explained by higher hospitalization rates among minorities. Controlling for hospitalization in crude and adjusted analyses had little to no impact on the estimated racial/ethnic disparities in transplantation. While high rates of hospitalization while waitlisted were associated with lower likelihood of transplant, this effect was independent of race/ethnicity.
The observed racial/ethnic disparities in transplant access were largely explained by center and OPO-level effects, though they did not account for all the observed racial/ethnic disparities. Prior research has underscored the importance of geographic factors in explaining disparities in transplantation [27] [28] [29] [30] . An interesting result from our study was that controlling for transplant center and OPO nearly eliminated the disparity in transplant between Hispanic and non-Hispanic white individuals (Table 3 ). This dramatic effect reinforces the fact that region plays a substantial role in likelihood of receiving a transplant for Hispanic individuals and supports similar findings by Arce, et al. 27 . Future research should consider regional-level interventions that may make kidney transplantation more equitable across OPOs.
In contrast to the effect of controlling for transplant center and OPO on the disparities in transplant for Hispanic individuals, controlling for these factors had a much smaller impact on the disparity between blacks and whites, underscoring the important fact that racial/ethnic disparities are not homogeneous across groups. Even after full adjustment for individual-, transplant center-, and OPO-level variables, there was still a 13% difference between black individuals' and white individuals' likelihoods of transplant during the study period. This residual disparity may have been the result of SES and cultural factors that we did not control for, such as individual education level, social support, language barriers, transportation resources, or medical mistrust. These factors may complicate individuals' abilities to remain on the waitlist, such as through medical noncompliance or refusal of a transplant when one becomes available. Future work should evaluate these and other factors included in Ladin, et al.'s conceptual framework for disparities in transplantation 31 .
In our sample, there was a significant effect of insurance at ESRD start, an indicator of individual-level SES, suggesting other unmeasured SES factors may play a role. Other variables that may explain some of the racial/ethnic disparity are matching factors, such as human leukocyte antigen (HLA), that are unaccounted for in our models even after controlling for blood type and PRA 32, 33 . HLA is one potential driver of racial/ethnic disparities in transplant 33 , leading to gaps in the rate of transplants between whites and racial/ethnic minorities, despite greater willingness by minorities to accept poorer quality (i.e. expanded criteria donor) organs 34 .
This study has multiple strengths. This is the first study to examine the causes of hospitalization while waitlisted for kidney transplant and to assess the impact of hospitalization while waitlisted on transplant. We had a large study population, which allowed us to analyze multiple racial/ethnic groups and many covariates. It also allowed us to assess for interaction between race/ethnicity and hospitalization rate concurrently with other covariates. Furthermore, we were able to account for clustering by transplant center and OPO in addition to individual-level variability because of our use of hierarchical mixed models. Lastly, USRDS data have extremely high follow-up rates, making our dataset nearly complete with regard to key exposures and outcomes.
There were some limitations of this study. To assess hospitalization while waitlisted, we had to restrict our study population to individuals with continuous coverage by Medicare parts A and B. This study was observational, and there may be unmeasured variables that created residual confounding. Certain variables, such as neighborhood-level SES indicators and BMI, were only measured once and may have changed over the course of the study, which was not accounted for in analyses. In addition, using area-level SES measures to assess individual-level SES may lead to misclassification bias 35 . Finally, we only included individuals who were black, white, or Hispanic due to small sample sizes and heterogeneity in the other groups, and in examining hospitalization rate, we were not able to separate out diverse factors that contribute to hospitalization rate, such as severity of illness and access to preventive care.
This study is the first that we are aware of to examine the impact of hospitalization while waitlisted on kidney transplant and its association with race/ethnicity. We report that hospitalization does not explain the racial/ethnic disparity in kidney transplantation for waitlisted individuals, even after adjusting for individual, transplant center, and OPO-level variables. Further studies are needed to identify modifiable factors associated with racial/ ethnic disparities for individuals waiting for kidney transplantation and to test targeted interventions to reduce these inequities.
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